the lateral facet of the lateral femoral condyle [ Figure 1b ]. These injuries are present in 31-58% of acute patellar dislocation. [4] [5] [6] [7] Treatments for osteochondral fracture in patellar dislocation are varied based on injury pattern and surgeon's and patient's preference, which include internal fixation of osteochondral fragments, surgical removal of loose bodies, microfracture, mosaicplasty, and chondrocyte implantation. [6, [8] [9] [10] Some scholars suggest that osteochondral fracture should be amenable to reduction and internal fixation. [11] However, chondrocytes in osteochondral fragments undergo significant necrosis and apoptosis, which may affect the outcome of fixation procedures. [12] Furthermore, it was found that the functional outcome of patients undergoing internal fixation was worse than that of patients with fragment excision and microfracture. [10] Osteochondral fractures involving the bearing surface of the knee joint should be reduced and fixed. However, fixation of osteochondral fragments outside of the bearing surface may not be necessary. We hypothesized that the fixation of osteochondral fracture in adolescent patients with patellar dislocation was not necessary when the fracture did not involve the bearing surface of the knee. The aim of this study was to compare the outcomes between adolescent patients with and without internal fixation of osteochondral fractures not involving the bearing surface after patellar dislocation.
Methods

Ethical approval
This was a retrospective cohort study approved by the local ethics committee of the institute. The patient consent was waived due to retrospective nature of the study.
Subjects
All adolescent patients (<17.0 years) with osteochondral fracture after patellar dislocation who underwent surgical intervention in our institution between 2007 and 2014 were retrospectively investigated. Inclusion criteria were (1) acute osteochondral fracture, (2) less than 6 weeks after injury, (3) diagnosis based on magnetic resonance imaging (MRI), (4) surgical intervention, (5) age ≤17.0 years, (6) follow-up >12 months, and (7) osteochondral fracture not involving the bearing surface of the knee. Exclusion criteria include (1) osteochondral fracture involving the bearing surface of the knee, (2) surgical history of the ipsilateral knee, and (3) patients without complete demographic data such as times of recurrent dislocation, location and size of osteochondral fracture, and surgery time.
Management
All patients had anterior-posterior and lateral radiographs and MRI scan before surgery [ Figure 1b and 1c]. Insall-Salvati index (ISI) was calculated. Patients were identified to have patella alta as the ISI was >1.3. [13] Patellar tilt angle (PTA) was measured. [14] The medial patellofemoral ligament (MPFL) injury was identified based on clinical examination and MRI preoperatively. All patients underwent medial contraction suture and MPFL suture repair. Lateral release was also performed for patients with >30° PTA. All surgeries were performed by the same surgeon. During surgery, osteochondral fractures fragments were removed and the size was measured using a vernier caliper. If the fracture involved any articulating portion of the patellofemoral and femorotibial joint under direct arthroscopic visualization during range of motion, this was considered as the bearing surface involving [ Figure 2 ]. Osteochondral fractures were fixed or not depending in the size, depth, and quality of fragments. If the size was too small (width in any direction <1 cm) and the quality was too bad, fragments were removed and microfracture was performed. While in the fixation group, osteochondral fragments were openly internally fixed using headless compression screws (Headless Compression Screw, Double Medical, China) or bioabsorbable pins (FreedomPin, Inion Oy, USA) [ Figure 3 ]. After surgery, for all patients in both groups, the knee was fixed at 0° extension with a brace for the first 2-3 weeks. Then, passive flexion started and reached to 90° at 4 weeks. Active range of motion started after 6 weeks. Weight bearing in extension was allowed after 2 weeks. Full exercise was allowed after 6 months.
Demographic data and clinical outcome assessment
Demographic data were retrieved from the medical records including age, gender, follow-up time, causes of injury, times of recurrent dislocation, location and size of osteochondral fracture, and surgery time. All patients were asked to return to the clinic for follow-up. At every follow-up, visual analog scale (VAS) was used to assess knee pain and the International Knee Documentation Committee (IKDC) form was used to assess knee function. The satisfaction of patients was divided into three grades: poor, good, and excellent based on their own subjective evaluation.
Statistical analysis
All the analyses were performed using the Statistical Product and Service Solutions (SPSS version 15.0 for Windows, SPSS Inc., Chicago, IL, USA). The data were expressed as the mean ± standard deviation (SD) or as a percentage of subjects. Differences in the values of variables among groups were assessed using t-test if equal variance or Mann-Whitney U-test if not equal variance. The Pearson's Chi-square test was applied for dichotomous variables if expected frequency was >5 or Fisher's exact test was applied if not. A value of P < 0.05 was considered statistically significant.
results
There were 43 consecutive patients who met the inclusion criteria. Nineteen patients were in the fixation group and 24 patients in the excision group. The average age was 14.1 ± 2.3 (range 9.0-17.0) years. The average follow-up time was 28 ± 10 (range 13-56) months. The average time to surgery from injury was 15 ± 9 (range 3-36) days. Patient characteristics are summarized in Table 1 . There was no significant difference in age, gender, follow-up time, causes of injury, time to surgery from injury, PTA, ISI, times of dislocation, and location of osteochondral fracture between fixation and excision groups [ Table 1 ]. However, the surgery time in the fixation group (82 ± 14 min) is significantly longer than that in the excision group (43 ± 10 min, t = 7.35, P < 0.01). All patients were identified to have MPFL injury and underwent MPFL repair. Patella alta (ISI >1.3) was observed in three patients. In 21 patients, the PTA was >30° and lateral release was performed.
The size of osteochondral fractures in the fixation group (2.30 ± 0.70 cm 2 ) was significantly larger than that in the excision group (1.88 ± 0.62 cm 2 , t = 0.84, P < 0.05) [ Table 1 ]. The numbers of cases with ≤2 cm 2 and >2 cm 2 osteochondral fractures were compared between the two groups (P > 0.05) [ Table 2 ].
At the last follow-up, the average IKDC score was 86.42 ± 8.55 (range 65.52-100.00) in total. The average IKDC score in the fixation group (82.52 ± 8.71, range 65.52-100.00) was significantly lower than that in the excision group (89.51 ± 7.19, range 73.56-100.00, t = 10.77, P < 0.01). The average VAS score of pain was 0.53 ± 0.86 (range 0-3) in total. The average VAS score in the fixation group (0.58 ± 0.96, range 0-3) was similar to that in the excision group (0.50 ± 0.78, range 0-3, U = 0.71, P > 0.05). The satisfaction was poor in four patients, good in 22, and excellent in 17. The good and excellent rate in the fixation group was 89% (17/19) and that in the excision group was 92%. Moreover, it had no significant difference between the two groups (χ 2 = 0.81, P > 0.05).
There were no significant differences in the IKDC score between male and female, first dislocations and recurrent dislocations, and ≤2 cm 2 and >2 fractures in each group (all P > 0.05) [ Figure 4 ]. For female patients, excision of fractures (90.50 ± 6.62) had significantly higher IKDC score than fixation (81.92 ± 9.66, t = 2.70, P < 0.01). For both patients with first dislocation and those with recurrent dislocation, excision (respectively, 80.00 ± 8.00, 85.31 ± 9.05) also had significantly higher IKDC score than fixation (respectively, 87.64 ± 7.81, t = 2.05, P < 0.05; 93.25 ± 3.90, t = 1.85, P < 0.05) [ Figure 4 ].
At the last follow-up, there were 7 (16%) patients who had recurrent patellar dislocation: three patients were in the fixation group and four were in the excision group. There was no significant difference between two groups (χ 2 = 0.22, P > 0.05). Four (4/7) patients were skeletally mature and underwent MPFL reconstruction and tibial tubercle transfer. Three (3/7) patients were skeletally immature and accepted conservative treatment. During the second surgery, previous osteochondral fracture was found to have been healed in 3/4 patients, but cracking delineation of cartilage injury was still observed. In the other one patient, osteochondral defect and fibrocartilage filling were observed. Lasting knee pain was identified in four patients in the fixation group and two patients in the excision group. There was no patient who had infection or knee stiffness.
dIscussIon
In this study, we reviewed a series of 43 adolescent patients with osteochondral fracture that did not involve the bearing surface after patellar dislocation and compared the outcomes of patients undergoing internal fixation with that of patients without fixation. Results showed that patients in the excision group had significantly shorter surgery duration and higher IKDC score after surgery than those in the fixation group.
Osteochondral fracture is a common injury following patellar dislocation, of which the incidence is reported from 31% to 58% of acute patellar dislocation. [4] [5] [6] [7] An ideal decision of treating the osteochondral fracture should be made according to injury pattern including the location and the size of fracture and whether bearing surface is involved or not. Osteochondral fractures that involve the bearing surface should be treated by surgical reduction and fixation as far as possible because they may lead to traumatic arthritis. [11, 15] When osteochondral fragments are too small to be fixed back, alternative methods have to be considered such as microfracture, mosaicplasty, and chondrocyte implantation. [11, 15] However, if the fracture is big enough to be fixed but does not involve the bearing surface, whether it will be fixed or removed should be considered. There is no doubt that fixation can restore the normal patellofemoral articulation and decrease the risk of long-term osteoarthritis. However, Lee et al. [10] found that patients undergoing internal fixation of osteochondral fragments got worse outcomes than those with fragment excision and microfracture although the fixation group had a larger size of osteochondral fracture. In this study, we observed a similar result that patients in the fixation group had significantly lower IKDC score than those in the excision group. How does such an interesting result come? First, Hembree et al. [12] analyzed cell viability of 29 osteochondral fragments from injured joints and observed that chondrocytes in osteochondral fragment had significant necrosis and apoptosis, which might affect the outcome of fixation procedures. In Nomura and Inoue's study, [16] fibrillation of osteochondral fragment after reattachment was observed in one patient in the second-look arthroscopy. In this study, osteochondral defect and fibrocartilage filling were observed in one patient who had fixation of osteochondral fracture. These may result from necrosis and apoptosis of chondrocytes in osteochondral fragments. Consequently, we think that the necrosis and apoptosis of chondrocytes in osteochondral fragments will have a negative effect on the outcome of fixation. From this perspective, the reduction and fixation of osteochondral fracture equals to osteochondral autograft. Furthermore, common fixation techniques of osteochondral fractures include suture, [17] headless metal screws, [10] and bioabsorbable pins. [18] All these techniques have further damage to cartilage of fragments and can hardly achieve rigid fixation, which will possibly lead to worse outcomes and lower function scores. Finally, the result of this study showed that fixation of osteochondral fracture significantly increased the surgery time, which would increase more surgery trauma and the risk of infection. Based on all these evidence, we think that removal of osteochondral fragments which do not involve bearing surface after patellar dislocation should be considered as an option before other better-fixation techniques.
Patellar dislocation occurs most commonly in adolescent patients, many of whom are skeletally immature. [1] The best method to treat patellar dislocation remains a subject of debate. Nonsurgical treatment is traditionally advocated for patients with primary patellar dislocation. [19] Several authors have reported good or excellent functional outcomes and few recurrent dislocations after arthroscopic medial plication. [20, 21] Previous cadaveric studies have demonstrated the location of MPFL femoral attachment close to the physis. [22, 23] There is a risk of physeal injury during MPFL reconstruction. It has been reported that physeal injury after ligament reconstruction induced growth alteration and significant knee deformity. [24, 25] In this study, contraction of the medial retinaculum and MPFL repair but not MPFL reconstruction were performed to treat skeletally immature patients with patellar dislocation. Results show that 16% of patients had recurrent dislocation during an average follow-up of 28 months.
There were some limitations to this study. First, this study was a retrospective cohort study in which patients were not randomly divided into the fixation or excision group. Second, those patients with small osteochondral fractures that were difficult to be fixed back were also included in the excision group, which induced that the average size of osteochondral fragments in the fixation group (2.30 cm 2 ) was significantly larger than that in the excision group (1.88 cm 2 , P = 0.045). Furthermore, whether fixations of osteochondral fractures were done or not was not blind to the evaluator, which might lead to assessment bias. Finally, the follow-up was relatively short term with an average of 28 months as the most important assessment of osteoarthritis was a long-term consequence. Yet, we believe that our results are still of interest, and further follow-up on this patient cohort is ongoing.
In this study, patients in the excision group had significantly shorter surgery time and higher IKDC score after surgery than those in the fixation group. We concluded that if osteochondral fractures following patellar dislocations do not involve the bearing surface and are smaller than 2 cm 2 , removal of these fragments could be considered as an option. 
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